Two experiments were conducted to compare the effects of a progesterone-estradiol implant (PEII with no implant (NI) and 20 g of copper oxide needles (CUON) with no CUON on grazing, subsequent feedlot performance, and selected serum constituents of steers. In Exp. 
bermudagrass (Cynodon dactylon L.1 Pers.) during summer months (R) of two consecutive years. Implant and copper treatments were applied within pasture. Blood samples were collected four times during each grazing season. Continuously stocked steers had greater (P < .05) grazing gain, less (P .lo) feedlot gain, and heavier (P .
05)
carcass weights than R steers did. Implanted steers had greater ( P < .05) pasture but lesser (P < .05) feedlot gains than did NI steers. Prolactin concentrations were greater (P < .05) from R than from c steers i n late summer 1988. Ceruloplasmin was greater (P < .01) with CUON than without on the last three and last two sampling dates in 1988 and 1989, respectively. In Exp. 2, blood samples were collected twice from 40 mixed-breed steers (283 kg average initial BW) receiving the same implant and copper treatments as in Exp. 1 and grazing infected fescue for one season. Serum ceruloplasmin and copper concentrations were increased (P < .01) by CUON, but other measurements did not differ among treatments. Summer grazing of bermudagrass increased serum copper, ceruloplasmin, and prolactin but decreased grazing performance. Implanting increased grazing performance. Copper oxide needles increased se-
Introduction
Consuming tall fescue (Festuca arundinacea Schreb.) infected with the endophyte Acremonium coenophialum decreases cattle performance (Hemken et al., 1984;  Stuedemann and Hoveland, 19881. Several management options have been tested in an attempt to reduce this negative effect. Aldrich et al. (1990) rotated steers from infected fescue to sorghum-Sudan grass pastures during the summer, but animal performance was not improved. Estradiol (Beconi et al., 1987) and zeranol (Brazle and Coffey, 1991) implants may offset some of the negative effects of A. coenophialum on cattle. COFFEY Supplemental copper has been used in studies that have reported rapid liver (Stoszek et al., 1979) and plasma copper (Gomm et al., 1982) depletions in cattle grazing tall fescue pastures. Although supplemental copper prevented the rapid depletion of copper in both studies, improvements in animal performance were inconsistent. Our experiments were designed to evaluate the effects of a progesterone-estradiol implant and(or1 copper oxide needles, as well as the effects of simply removing cattle from tall fescue pastures during the summer, on the manifestation of tall fescue toxicity as evaluated by measuring grazing and subsequent feedlot performance and selected serum constituents of steers grazing tall fescue pastures.
Experimental Procedures Experiment 1
Eight 2.02-ha tall fescue pastures that were overseeded with 'Regal' ladino clover (Trifolium repens L.) and either two (1988) or three (1989) 2.02-ha 'Midland' bermudagrass (Cynodon dactylon IL.1 Pers.1 pastures were used in a 2-yr grazing experiment. Approximately 70% of the tall fescue plants were infected with the endophyte A. coenophialum as determined by the procedures of Clark et al. (19831. Fescue-ladino clover pastures received annual fertilization of 45 kg of N/ha, 20 kg of P/ha, and 36 kg of K/ha, whereas bermudagrass pastures received annual fertilization with 224 kg of N/ha, 30 kg of P/ha, and 70 kg of K/ ha.
A total of 122 Limousin crossbred steers (317 kg average initial BW) were weighed unshrunk on two consecutive days a t the beginning of the grazing season in two consecutive years and allotted to implant (PEII or nonimplant (NI) groups. Within each group, steers were further allotted to receive either copper oxide needles (CUON) or no copper oxide needles (No CUON). Within those treatment combinations, steers were allotted to management systems of either continuously stocked on fescue-ladino clover pastures for the entire season (C) or intensively stocked on fescue-ladino clover pastures in the spring and fall and on bermudagrass in the summer (R1. All allotments were made in a random, stratified manner by steer BW, resulting in equal average steer BW in each group. Steers received vaccinations against infectious bovine rhinotracheitis and parainfluenza3 (TSV-2@, Norden Labs, Lincoln, Grazing began on April 14, 1988, and May 4, 1989 , and continued for 208 and 186 d, respectively. In 1988, five steers were allotted to five of the C pastures and six steers to one of the C pastures. Fifteen or 16 steers were allotted to the R pastures. Implant and copper oxide treatment combinations were distributed as similarly as possible within each pasture. Dry weather conditions during the summer of 1988 forced removal of some of the steers from each R pasture. Care was taken to remove animals of similar BW across treatment combinations, leaving a total of 12 steers on each R pasture. Sufficient forage growth was not available to return the steers to their replicates, so their data were deleted from the entire experiment. In 1989, five steers were allotted to each of five pastures assigned to C. Eleven steers were allotted to each of two fescue-ladino pastures, and 12 steers were allotted to the other fescue-ladino pasture assigned to R. Thus, stocking rates were approximately 2.5 steers/ha on C pastures and three steers/ha on R pastures, but stocking density was approximately six steers/ha on each type of R pasture because only 2.02 ha of a total of 4.04 ha was grazed a t any one time. Stocking densities were based on previous grazing experience on the two types of pasture. Again, care was taken to ensure similar distribution of implant and copper oxide needle treatment combinations within each pasture.
Steers allotted to PEI received an implant containing 200 mg of progesterone and 20 mg of estradiol benzoate (Synovex-S@, Syntex, West Des Moines, I N at the initiation of the grazing phase and again in late summer. Steers allotted to CUON received a total of 20 g of copper oxide needles in polyethylene capsules (Cuprax@, Pitman-Moore, Kansas City, MO) via a balling gun a t the beginning of the study. Steers allotted to R grazed the bermudagrass pastures between May 27 and September 15, 1988, and between June 16 and September 17, 1989 . The decision to move cattle to and from the bermudagrass pastures was based on a number of factors, including availability of both forage types as measured by disk-meter (Bransby et al., 19771, visual determine blood hematocrit. Blood samples were allowed to clot and were centrifuged, after which the serum was aspirated and stored frozen in polypropylene tubes. Serum copper and zinc concentrations were determined using atomic absorption spectrophotometry using a n air-plusacetylene flame as described by Varian Techtron (1 979). Serum ceruloplasmin was determined according to colorimetric procedures described by Demetriou et al. (1974) and prolactin according to RIA procedures described by Klindt et al. (1985) . At the end of the grazing phase (November 8, 1988, and November 7, 19891, At the end of the feedlot period, steers were weighed unshrunk on two consecutive days, transported 240 km, and slaughtered at a commercial facility. Hot carcass weights were measured within 30 min of slaughter. Fat thickness, longissimus muscle area, and USDA yield and quality grade data were collected after a 24-h chill (O°C).
Grazing and feedlot performance and carcass data were analyzed statistically using SAS (1988) procedures for a split-split-plot design (Cochran and Cox, 1957) . The model consisted of effects of grazing management, pasture within grazing management, implant, CUON, and all two-, three-, and four-way interactions between grazing management, implant, CUON, and year. The whole-plot effect of grazing management was tested using pasture within grazing management as the error term. Split-plot effects of implant, CUON, and the implant x CUON interaction were tested using grazing management x implant x CUON x pasture within grazing management as the error term. Remaining effects involving year and interactions with year were tested using the residual error. Feedlot DMI and feed efficiency data for the effect of previous grazing management were analyzed across years using SAS (1988) procedures for a split-plot in time (Snedecor and Cochran, 1980) . Effects of grazing phase implant and CUON on feedlot DMI and feed efficiency were not measured because these treatments were split within replications.
Statistical analyses of serum constituents were conducted within year because sampling dates were different each year. The GLM procedure (SAS, 1988) for a split-split-plot design (Cochran and Cox, 1957) was used. The model consisted of effects of grazing management, pasture within grazing management, implant, CUON, and all two- e.fMeans in a row and main effect that do not have a common superscript letter differ (P < ,101. gihMeans in a row and main effect that do not have a common superscript letter differ (P < .01).
grazing phase.
and three-way interactions between grazing management, implant, and CUON, implant x CUON x pasture within grazing management, sampling date, and the interaction of sampling date with grazing management, implant, and(or1 CUON. The whole-plot effect of grazing management was tested using pasture within grazing management as the error term. Split-plot effects of implant, CUON, and their interaction, as well as the interaction of grazing management with implant, CUON, and implant x CUON, were tested using implant x CUON x pasture within grazing management as the error term. Split-split-plot effects involving sampling date were tested using the residual error. Differences among individual means were compared using a protected t-test (Snedecor and Cochran, 1980) At the end of the grazing phase (November 101, steers were weighed unshrunk on two consecutive days, transported 40 km, and placed in feedlot pens. Steers were allotted in a random, stratified manner within treatment combination into two replicates of five steers each. All steers were implanted with 200 mg of progesterone and 20 mg of estradiol benzoate initially and after 83 d in the feedlot and were treated and fed as described for Exp. 1. Slaughter procedures also were conducted as described for Exp. 1.
Pasture-phase data were analyzed statistically using the SAS (19881 GLM procedure with a model for a 2 x 2 factorial arrangement of treatments, considering each animal as the experimental unit. Feedlot-phase data were analyzed with pen as the experimental unit using the GLM procedure with a model for a 2 x 2 factorial arrangement of treatments. e,fMeans in a row and main effect that do not have a common superscript letter differ (P < .IO). gHigh Select = 9; low Choice = 10.
Results

Experiment 1
Animal Performance. Year effects were significant (P < .05) for the majority of the performance measurements; however, interactions involving year and other treatments were detected only for feedlot gain (P < .05) and daily gain (P = .05). Hence, only main effects are presented in Tables 2  and 3 . Steers grazing C were heavier (P < .05) and gained more (P < .05) during the grazing period than those grazing R ( Table 2) . Total gain per hectare did not differ (P > .lo) between C and R. Forage availability was lower (P < .05) in R than in C pastures a t the time of rotation of R steers to bermudagrass (1,023 vs 1,892 kg/ha), but no differences in forage availability were noted (P < .051 during the bermudagrass grazing period. At the time R steers were rotated back to fescue-ladino clover pastures, forage availability was greater (5,151 vs 2,804 kg/ha; P < .05) in R than in C pastures. However, forage availability did not differ (1,679 vs 2,038 kg/ha; P = .371 between R and C pastures a t the end of the grazing period.
Final feedlot BW was not affected (P > .lo) by previous grazing system, but gain during the feedlot phase tended (P = .081 to be greater for steers previously managed by R than for those previously managed by C. Steers previously managed by R tended (P = .lo) to gain more efficiently than did steers previously managed by C.
Implanted steers gained an average of 14.1% more (P < .05) than NI steers during the pasture phase ( Hot carcass weights of C steers were heavier (P < .05) than those of R steers (Table 3) . Dressing percentage also tended (P < .lo) to be greater for Copper oxide needles affected serum ceruloplasmin and copper concentrations to a greater extent than they affected other components measured. Serum ceruloplasmin concentrations were in- apbMeans within a date that do not have a common superscript letter differ (P < .05). C*dMeans within a date that do not have a common superscript letter differ (P e ,011. e.fMeans within a date that do not have a common superscript letter differ Lp < .lo). CidMeans within a date that do not have a common superscript letter differ (P < .lo). 'VbMeans within a date that do not have a common superscript letter differ (P < .05).
C*dMeans within a date that do not have a common superscript letter differ (P < ,011.
e,fMeans within a date that do not have a common superscript letter differ (P < .lo). 19, 1989 , and serum prolactin concentrations tended (P < .lo) to be greater on November 7, 1989, in steers that did not receive CUON than in those receiving CUON.
Experiment 2
Animal Performance. Implant x CUON interactions were not significant (P e .05) for animal performance measurements. Implanted steers tended (P > .lo) to gain more (20.8%) than NI during the grazing phase, but CUON did not affect grazing performance (Table 8 ). All gains were low but were similar to gains observed previously by stocker cattle grazing these pastures.
Steers not previously implanted during the pasture phase tended (P > .lo) to gain more in the feedlot (14 kg) than PEI steers and to have a greater (P = .12) gain:feed ratio (Table 8) . Dry matter intake did not differ between implant or CUON treatments. Carcass measurements also did not differ between implant or CUON treatments (Table 9) .
Serum Constituents. On the initial sampling date, hematocrit was greater (P .01) with PEI than with NI (Table 10) . Also, a n implant x CUON interaction was initially (May 171 present for serum zinc concentrations, but at the end of the experiment (November 10) no interactions (P > .lo) were detected. Hematocrit was not affected by implant or CUON. Serum ceruloplasmin and copper were greater IP e .01) with than without CUON at the end of the grazing phase of the experiment.
Serum zinc responded differently from serum copper and ceruloplasmin; it tended (P = .121 to be greater without than with CUON. Serum prolactin concentrations tended (P < ,101 to be greater with than without CUON on November 10, but the magnitude of change was small, and all concentrations were low. Hence, it is unlikely that the effect of CUON on serum prolactin was biologically important.
Discussion
Rotation of steers from fescue-ladino clover pastures to bermudagrass pastures during the summer months decreased grazing performance compared with that of steers stocked continuously on fescue-ladino clover pastures. In a similar study, rotation of steers from A. coenophialurninfected fescue to sorghum-Sudan grass pastures did not produce an advantage over continuously grazing infected fescue (Aldrich et al., 19901. Stuedemann et al. (19881 reported that steers rotated from high-to low-endophyte pastures had increased (P < .05) forage intake during the 1st yr and tended (P > .05) to have increased forage intake during the 2nd yr, by as early as 1 wk after rotation. However, the length of time required for recovery from the toxic effects of consuming infected fescue to occur may be variable (Hancock et al., 1987; Coffey et al., 1B90) . Hurley et al. (1981) concluded that some factorb)
in endophyte-infected fescue inhibits prolactin secretion. Thus, greater prolactin concentrations observed in our experiment in late summer with R would indicate that at least some of the toxic effects of fescue were reduced while steers grazed the noninfected forage; however, performance data did not substantiate reduced toxicity. Gains during the time that R steers were stocked on bermudagrass were similar (data not analyzed and not shown) between C and R. The primary difference in gains occurred during the spring grazing period while both groups were stocked on fescue-ladino clover pastures. The reason for this difference is unclear, but it may be a result of a number of factors. Stocking rate was somewhat greater for R than for C but, more importantly, stocking density (animal units a t a specific time per unit of land area) was much greater because only half the land area allotted to each replicate of R was used at any one time. Rottinghaus et al. (199 1) reported that ergovaline concentrations differed greatly both among different plant compo- nents and over time throughout the spring grazing period. It is possible that the increased stocking density reduced animal selectivity, thereby forcing steers to consume a diet either lower in quality, higher in ergovaline, or both. Stocking density also may help explain the differences observed in copper and ceruloplasmin concentrations at the time of rotation to bermudagrass. However, because prolactin levels were greater from R than from C a t that time in 1988, reduced selectivity and animal behavior changes, rather than increased ergovaline consumption, may have contributed more to the reduced performance. Returning cattle to fescue for a fall grazing period after they had grazed bermudagrass in the summer also seemed to be detrimental in that serum constituents previously improved by rotation to bermudagrass (Le., 1988 serum prolactin, 1989 ceruloplasmin, and 1988 and 1989 copper) decreased, such that values obtained from the November samplings in 1988 and 1989 did not differ (P c .05) between C and R. Weight differences between C and R also became more pronounced during the fall grazing period (data not shown), again probably reflecting differences in stocking density, because forage availability did not substantially differ at the end of the grazing season.
Although R steers gained less during the grazing period, they compensated for some of this decreased gain, and gained more efficiently, when placed in the feedlot. Others have shown that steers compensating for previous periods of reduced growth use DM, digestible protein (Fox et al., 19721 , and ME (Wright and Russel, 1991) more efficiently because of a reduced maintenance requirement during the period of restriction and early full feeding (Fox et al., 1974) . Beconi et al. (1987) reported a n increase in gain of 26 and 7% from a n implant of 24 mg of estradiol17p in steers grazing high-and low-endophyte fescue, respectively. Brazle and Coffey (19911 also reported a greater response to a zeranol implant by steers grazing high-endophyte (. 16 kg/d) than by those grazing low-endophyte (.07 kg/d fescue pastures. Thus, it seems that estrogenic implants may offset some of the negative effects associated with consuming A. coenophialum-infected fescue. Performance response to implanting in Exp. 1 was intermediate between responses observed from steers grazing low-or high-endophyte fescue in other studies. However, the fescue pastures in Exp. 1 were interseeded with ladino clover, which may have offset some of the decreased performance that is typically associated with grazing fescue infected with A. coenophialurn (Coffey et al., 1990; McMurphy et al., 1990) .
Increased gain during the feedlot period by steers not implanted during the grazing period indicates that pasture-phase implants may have had a negative effect on subsequent feedlot performance. Mader and Dahlquist (1990) reported that steers implanted during a growing phase with 100 mg of progesterone and 10 mg of estradiol benzoate gained faster and more efficiently during the subsequent feedlot period than did those implanted during the growing phase with 200 mg of progesterone and 20 mg of estradiol benzoate. Others (Grigsby et al., 1988; Simms et al., 19881 found no adverse effects of implanting with estrogenic compounds during the growing period on subsequent response to an implant during the feedlot period. However, response to implanting during the growing phase in those studies was somewhat lower (+10.9%; Grigsby et al., 1988 and +6.1%; Simms et al., 1988) than the relative improvements observed in our experiment. Brazle et al. (1 989) reported that steers previously consuming A. coenophialurn-infected fescue hay had 2.4-times greater response to a zeranol implant during the feedlot phase than did steers previously consuming noninfected hay. Hence, it is possible that improved feedlot gain by NI was a result of a greater response to the feedlot implant rather than a negative response to the grazing-phase implant.
Although grazing performance was affected by implant, serum constituents were not. Held et al. (1988) and Mehta and Eikum (1989) reported that estrogenic compounds increased serum copper, but the increase was at the expense of hepatic copper (Mehta and Eikum, 1989) . Others have reported results similar to ours. Mehta and Eikum (1989) reported similar serum zinc concentrations but lower liver zinc content in rats implanted with estradiol. Elsasser et al. (1983) reported increased plasma prolactin as a result of estradiol and zeranol injection in ovariectomized ewes but no change in prolactin in wethers injected with either compound. Brazle and Coffey (1991) reported no effect on serum prolactin in steers implanted with 38 mg of zeranol.
Steer grazing or subsequent feedlot performance was not affected by CUON in our studies. Both serum copper and serum ceruloplasmin decreased over time in steers that did not receive CUON, whereas those concentrations in steers receiving CUON were maintained or slightly increased compared with the initial sampling. Previous research (Stoszek et al., 1979; Gomm et al., 19821 has demonstrated similar decreases in copper concentrations in cattle grazing tall fescue; those decreases were prevented by copper supplementation. Furthermore, Gomm et al. (1982) reported a 22% increase in gain, but Stoszek et al. (1979) reported no increase in gain from copper supplementation of steers grazing tall fescue pastures. However, copper was not provided to control cattle in those experiments. In our experiment, copper was provided in a free-choice mineral supplement as copper oxide powder, but average daily copper consumption was only approximately 5.6 mgisteer. In both these previous studies as well as in Exp. 1, plasma copper decreased to concentrations generally accepted as deficient (Davis and Mertz, 1987; Minson, 1990) . Copper deficiency has been associated with a number of abnormalities, including increased dopamine (Gross and Prohaska, 19901 , which has been postulated as a major contributing factor to tall fescue toxicosis (Lipham et al., 19891. Compared with other copper sources, CUON have a very slow absorption rate (Chapman and Bell, 1963) but are retained in the alimentary tract for an extended time (Costigan and Ellis, 1980; Langlands et al., 19891 , thereby providing increased serum copper for as long as 6 mo after treatment (Suttle, 1979; MacPherson, 1983; Wilson, 1989) . High levels of dietary copper have reduced plasma zinc concentrations (Ledoux et al., 1989) . Others have reported results from experiments in which dietary copper was increased, but serum (Rosa et al., 1988) or liver (Frimpong and Magee, 1989 ) zinc concentrations were not affected, even though a strong antagonism exists between copper and zinc (Davis and Mertz, 1987) . Therefore, although 20 g of copper oxide needles were administered as one dose at the beginning of our experiment, release was such that dietary zinc was not antagonized by excessive copper. Further, failure of CUON to affect serum prolactin suggests that declining copper concentrations may be a secondary symptom in cattle grazing A . coenophialurn-infected fescue.
Implications
Many researchers and producers recommend removal of cattle from A. coenophialurn-infected pastures during summer months. Such removal altered serum constituents but did not improve performance in our study, possibly as a result of high spring ergovaline concentrations and(or1 greater stocking densities. Implanting stocker cattle with progesterone-estradiol while they were grazing infected fescue increased grazing gains. Copper provided in typical free-choice mineral supplements may not be sufficient to prevent seasonal decreases in serum copper and ceruloplasmin concentrations, but copper is probably not involved directly in the decreased gain associated with grazing infected fescue pastures. A variety of management alternatives may be needed to counter the negative effects of grazing A. coenophialum-infected tall fescue.
